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RESEARCH MEMORANDUM

FORCE AND PRESSURE CHARACTERlSTICS FOR A SERIES CF NOSﬁ
INLETS AT MACH NUMBERS FROM 1.59 TO 1.99
V - ANALYSIS AND COMPARISON ON BASIS OF RAMFJET.
ATRCRAFT RANGE AND OPERATTONAL CHARACTERISTICS

By E. Howard, R. W. Luidens, gnd J. L. Allen

SUMMARY

_ Four specific designs of axlally symmetric splke-type nose inlets
were Investigated in the NACA Lewis 8- by 6-foot supersonic wind tunnel
at flight Mach numbers from 1.59 to 1.99 and at angles of sttack from
00 to 109, The inlets, designed to operate st a f£light Mach number of
1.80, were: an externsl compression inlet having a relatively blunt
or subsonic leading e (subsonic 1lip inlet), an isentropic spike
inlet having ail-ext compression (isentropic inlet),” an ex%ernal
compression inlet with a relatively sharp lip and low cowl slope
(supersonic lip inle®), and an externsl-internsl compression inlet
utilizing a perforated cowl (perforated inlet). In this report, the
inlets were compared on the basis of the effect of inlet characteristics
on ram-Jjet-engine slrcraft range and operational problems. The effects
of & burner and exhaugt nozzle were analytically added to the.experi—
mental cold flow inlet data. 3 KR

At the design flight Mach number, the mag¥¥fiim air@feft range based
on calculgted peak englne efficiencles varied -25 percent from the
highest value, which indicates the importance of inlet design. The
supersonlic 1ip inlet had the highest calculated engine efficilency, the.
second highest pressure recovery, and the lowest drag of the four inlets

Investigated. The low drag was associated with a minimum of additive

drag (minimum mass spillege) and & low cowl lip angle.

Calculations for a typical supersonic aircraft indicated some
inerease in range might be obtained from engines utilizing any of the
inlets except the perforated inlet if the engine were flown &t a mod-
erate angle of attack and the resulting engine 1ift were utilized.

Evaluation at off-design conditions for en engine optimized for
‘mexifium sircraft range (peek engine efficlency) at the design point
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indicated that propulsive thrust increased with lncreasing heat addition
in the subcritical flow reglon in spite of the increasing additive drag.
For sngles of attack of 3° and 6°, the trende of excess thrust with
increasing heat addition were similar to those at 0°. TFor the perfo-
rated inlet, there was a range of total-temperature ratios in the sub-
critical flow region where, owing to mass spillage through the perfo-
rations, increasing the temperature ratio did not yield an increase in
propulsive thrust.

Speed stabllity of a ram-Jet-propelled sircraft could be attained
with peak engine efficiency at design crulse conditlons by meens of a
fuel flow programmed wlth flight Mach number for all the inletes except
the perforsted inlet.

INTRODUCTION

A number of inlet types have been proposed for alr-breathing
propulsion systems operseting at supersonlc speeds. One way to evaluate
the merits of these inlets is to consider the inlet characteristlics in
terme of several typlical aslrcraft performence and operatlional problems.
Experimentally determined force and pressure cheracteristics of a series
of typlcal supersonic inlets designed for a flight Mach number of 1.80
are presented in references 1 to 4. In this repof% the inlet character-
1stlicse presented in the cited references are evaluated at design condi-~
tions in terms of the range of a ran-jet-propelled, supersonic alrcraft.
At other than cruise conditlone, the inlets are evaluated on the basis
of the thrust avallsble for acceleratlon and maneuvering end with
respect to sttaining eircraft speed stability.

Four tybes of exlally symmetric spike-type nose inlets were consild-
ered: (1) subgonic 1ip inlet (a conical-spike all-external compression
inlet having & relatively blunt or subsonic cowl 1lip, reference 1);

(2) isentropic inlet (an isentropic-spike inlet with all-externsl
compregsion, reference 2); (3) supersonic lip inlet (a conical-spike
all-external compression inlet with a relatlively shsrp lip and low
cowl slope, reference 3); and (4) perforated inlet (e conical-spike

external-internal compression inlet with a perforsted cowl, reference 4).

Force and pressure dats were obtalned in the NACA Lewls 8- by 6-foot
supersonic wind tunnel for flight Mach numbers of 1.59, 1.79, and 1.99,
for es of attack from O° to 10°, at a Reynolds number of gbout
35.4%X10° based on maximum model dismeter, and over a range of inlet-flow
conditions.

The models were designed for a flight Mach number of 1.80 to yield
maximum engine efficlency. The design combustion-chamber Mach number,
0.2, was analytically determined to be optimum for an assumed total-
Pressure recovery of 0.90 at the design flight Mach number and for an
exhaust nozzle with contraction and reexpension to maximum diemeter.

N
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SYMBOLS

The following symbols are used in this report:

speed of sound, (ft/sec); or acceleration, (ft/sec?)

drag coefficient, D/qy8

external drag coefficient of engine, Dg/apSp

net thrust coefficient of engine, Fn/qosm

propulsive thrust coefficient of engine

1ift coefficient, L/qpSp

specific heat for air at constant pressure

drag

force on engine in stream direction determined by spplylng
momentum theorem to sir passing outside the engine. (For
the perforsated inlet, air passing out of perforetions is
considered passing outside the engine.)

net force on engine in stream direction determined by spplying
momentum theorem to air passsling through the engine:

Eﬁp7M7ZSm + (p;-p5) Sﬁ] cos o - YgPoMoZSo
fuel-air rstio
gravitationasl constant, (32.2 ft/sec?)
heating value of fuel, (Btu/lb)
mechanical equivalent of heat, (778 £t-1b/Btu)
constants
1ift, force normal to stream direction
lift-drag ratio
Mech number

total pressure
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static pressure
dynsmic pressure, ypMZ/2

range, (ft)

area

Inlet capture ares, ares bounded by circle of dlameter equel
to cowl lip diameter

maximum cross-sectional area of engine

ares of free-gtream tube that contalns mess flow through the
engine

geometrical characteristic of inlet

gbsolute mass-flow ratio, mass flow through engine
PoU0Sm

total temperature, (°R)
veloclty, (£t/sec)

Initigl fuel load

actual fuel rate, (1b/sec)
lnitial gross welght

angle of attack, (deg)

retio of speclific heats for air

engine combustion efficlency

energy outpue)

over-all engine efficilency, ng1n, = (energy Trput

engine efficiency parameter, 1's/Me
mess density of air

total-temperature ratio, T7/To

2248


http://www.abbottaerospace.com/technical-library

g de

L]

NACA RM E51623 YOQIREEEGs - 5

Subscripts:

A aircraft

a axial

b body

e engine

i induced .
n normal

8 steady horizontel flight, that is, cruise flight conditlons
W wing

0 free stream

3 combustion-chamber entrance (see fig. 1)

4 immediately after flame holder (see fig. 1)

5 exhaust-nozzle entrance (see fig. 1)

6 exhaust-nozzle throat (see fig. 1)

7 exhaust-nozzle exit (see fig. 1)

METHOD OF ANALYSIS

A simple form of the range reletion for supersonic flight at
constant speed in the isothermsal region of the atmosphere can be written
as

Lytbie W
R =-HJ g log —& (1)
e Db Wg-Wr

In equsation (1), renge is directly proportional to over-all engine
efficiency, which is defined as

(Fp-De)Up -
! —3 S ——————— .
Ne BJ wp . ' (2)
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The experimental data presented in references 1 to 4 can be more
conveniently used if equation (2) is written in the following form,
which yields the engine efficiency paremeter

= Me O - O ig" ao” (3)
®© MNe  8p/Sp (T-1) |2&JcpTo

(Engine efficiency parameter Ne 1is hereinafter called engine effi-
ciency.) The bracketed member of equation (3) is constant for a fixed

flight Mach number. The thrust is calculated as the exit total momentum .

(including pressure as well as veloclty component of momentum) minus

the momentum in the free stream tube entering the engine. For both the
thrust and efflciency calculgatlons, the effects of flame-holder pressure
loss, heat gddition, and nozzle force were analytically determined. The

AP - :
assumed fleme-holder loss 2&4 wes 2. One-dimensional flow relations

were spplied across the heat addition zone (reference 5); the ratio of
specific heats of eir ¢ was assumed egual to 1.40 before and 1.30
after hest sddition; and the  corresponding Cp was 0.264. The
converging-~diverging exhaust nozzle wes assumed to have sonlc velocity
at the throat, an efficiency of 100 percent, and reexpansion to maximum
engine dlameter.

The equation used to evalugte the effects of engine 1i1ft when the
engine 1s flown at angle of attack can be obtained by rewriting the
lift-drag ratio term of equation (l) in the followlng form where inter-
Terence effects are neglected.

Lyise Vg | ”
Dyt Db+<ﬁ%5.w(wé'Le)

In order to compute the effect of engine 1lift it wes necessary to assume
en aircraft configuration which is defined subsequently.

The axigl and normel accelerations, presented as an ald in evalu-
sting the magnitude of the excess thrust, are lnstantaneous wvalues
celculated abt cruise flight conditions. The axial acceleration was
calculated as -

8,
Fp-Dg = Wby 4% Wg (5)

2248,
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The normal acceleration without loss of f£flight speed was calculated
from the relations

F-Dg = f;’% WgHADy o (6)
1\ o 2

ACp, =<%D§)CL ~Cpy g (7)

%L 8

g " O (8)

RESULTS AND DISCUSSION

Schematic disgrams of the four inlets investigated in references 1
to 4 and the abbreviated nomenclature used for identification are shown
in figure 2. The supersonic-lip inlet used herein is designated as
inlet B in reference 3. A schematic disgram of g ram-Jjet engine employ-
ing these inlets is shown In figure 1. The exterior of the engine is
the same asg that of the experimental model.

Experimentel force model data necessary for the analysis of these
inlets were teken from references 1 to 4 and are presented in
figures 3 and 4. The term, critical inlet flow, used herein is the
condition of highest pressure recovery in the constant mass-flow
(lowest drag) region.

On-Design Evalustion

With engine at zero angle of gttack. - At the design Mach number
of 1.79, engine efficiency, which is directly proportional to range,
is considered as the first criterion for comparing the inlets. The
variation of exhaust-nozzle-sres ratio (Sg/S,), propulsive thrust
coefficient, and engine efficiency parameter with engine total-
temperature ratio is presented in figure 5 for engines utilizing each
of the four inlets (references 1 to 4) operating at critical-inlet-flow
conditions. (Symbols on curves in:fig. 5 indicate the conditions For
peak engine efficiency parameter corresponding to optimum exhasust-
nozzle-srea ratios that were used in subsequent calculations.) Highest
efficiency was attained with the supersonic-lip-inlet engine. For the
four inlets designed for the same conditions, the calculated pesk engine
efficiencies varied ss much as 25 percent from the highest value which
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indicates the importance of inlet design. (When the inlets are compared
at total-temperature ratios corresponding to pesk engine efflciencies,
the propulsive thrust coefflcients differ for.each inlet. However,
gireraft range is proportionsl to the efflclency 1f the assumption 1s

" accepted that englne size can be adjusted to provide the thrust necessary
to propel the aircraft without significantly affecting any of the terms
in equation (1), particularly the term involving weight. This assump-
tion is reesonable if the varilstlion in engine weight for the different
inlets as compared with eircraft gross weight minus fuel weight is small.
For most ram-jet-propelled aircraft configurations, the engine weight

is expected to be only a small porition of the alrcraft structural
welght; thus changes in englne size will result in negligible changes

in aircraft weight.)

Comparing the basic date (fig. 3(b)) to the corresponding computed
engine performence date (fig. 5) indicates that the supersonic-1ip
inlet, which had the highest engine efficiency, had the lowest drag of
any inlet and almost the highest pressure recovery. The low drag of
the inlet is associated with a minimum of additive dreg (minimum mass
splllage) and low cowl lip slope. The perforated inlet with second
highest engine efficiency had the highest pressure recovery, but also
a very high drsg due to mass spillage through the perforations (even
though "normel® shock was downstream of the perforetions). The
igsentropic inlet, which had the lowest total-pressure recovery and
highest drag, had the lowest englne efficiency. _

With the flame-holder-loss coefficient decreased from 2 to O,
additional computations indlcated an increase in absolute efficiency
values but no change in the relative order of engine efficiencies.

Thus, the relative efficilencies of the inlets appear independent of the
initial assumption msde for flame-holder loss. Calculstions were also
made to determine the englne efficlencies at equal combustion-chember
Mach nunbers for criltical-inlet-flow conditions by estimating the effects
of smell changes in the ratio Sc/sm- Results of the caleculations
indicated small changes in sbsolute efficiency values but no change in
the relative order of engine efficiencies. Also from figure 5 1t can be
seen that the relative efficiencles at the optimum temperature ratio

are Indlicative of the relative efficiencies for & range of temperature
ratios.

With englne at angle of attack. - The effect of angle of attack
on the performance of engines with criticel-inlet-flow condlitlons and
optimum exhaugt nozzles for each angle of attack 1s shown in flgure 6
for tle design flight Mach number, 1.79. Efficlency for all engines
except the perforated-inlet engine was not appreciably affected up to
3C angle of attack. However, as angle of attack was incredied above
39, engine efficiency was apprecisbly reduced in all cases. Efficiency

LDt
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of the supersonic-lip-intet engine decreased gbout 38 percent as the
angle of sttack was raised Pfrom 0O° to 10°.

The specific inlet characteristics resulting in the decrease in
efficlency are shown in figure 4. Although mass flow, pressure recovery,
and drag sll change, the drsg shows the greatest percentage chenge and
is largely responsiple .for the decrease in engine efficlency with angle
of attack. (Increase in drag at angle of attack results primarily from
the component of normsel force 1n the drag direction and the normal force
arises mainly from the flow over the exterior of the model.)

Although engine efficiency 1s reduced when the engine is flown at
angle of attack, the resulting engine 1ift may be used to help support
the aircraft. The trends of engine total-1lift coefficient with angle
of atteck are shown in figure 7 where total 1ift is the sum of the
externsl 1ift presented in references 1 to 4 and the intermel 1if+t
which results from the momentum change of the air passing through the
engine. To evaluate the combined effects of engine 1ift and efficlency
et other than O° angle of sttack, the parsmeter ne(L/D) from the range
relation (equation (1)), where the. lift-drag ratio is defined in
equation (4), was evaluated for a specific airplene configuration. The
airplane design conditions assumed were: flight Mach number, 1.79;
altitude, 50,000 feet; alrplane initial gross weight, 50,000 pounds;
wing lift-drag ratio, 7.16; end body drag, 2300 pounds (corresponding
to low-drag body end fuselage density of 30 1b/cu‘ft). The 1lift of the
body ls assumed to be zero. The wing was always considered to be at
optimum angle of attack (approximately 4°) and as the angle of attack
of the engine was varied the engline gize was adjusted so thet the
propulsive thrust Fp-De was equel to the wing plus body drag and the
sum of the engine and wing lifts were equal to the gross welght.
(Interference effects were neglected.) Thus, as the engine 1ift
increased, the wing size (and hence drag) decreased.

The veriation of ne(L/D) with engine angle of attack for the
various engines 1s presented in figure 8. For all except the perforated-
inlet engine, some increase in the range parsmeter 1ne(L/D) results for
small angles of attack. The increase in ne(L/D) with increasing o

incresses

occurs when the effective aircraft lift-drag ratio ;:ii;
more rapidly than the engine efficiency decreases. The value of

ne(L/D) 1is always lower at 10° than at O° angle of attack. (Because
the necessary veriation of engine size with angle of attack was small,
the aircreaft structursel weight distribution wes consldered constant;
however, the wing welght could be reduced because the required wing size
1s reduced when part of the wing 11ft is replaced by engine 1ift. There-
fore, if gross welght 1s unchanged and additionsl fuel is carried in

N3 i S
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lieu of the portion of wing weight which is eliminsted, increases in
range over and sbove those due to increassing the value of ne(L/D) exist.)

Off-Design Considerations

Excess -thrust with engine at zero angle of attack. - The excess
thrust for maneuver, climb, or acceleration avalleble from an engine
optimized for meximum engine efficlency at design cruise conditions can
be expressed as the percentage increase in thrust coefficient over that
at design cruise conditions as the total-temperature ratio is increased.
The results of such calculatlons are presented in figure 9. The data are
presented as a function of total-temperature ratio on the supposition
that maximum temperature mey be limited by the heating value of the fuel
or' tempersture limits on engine msterials. Stoichiometric combustion
of octane determined from reference 6 is indicated on sppropriate figures.
To aid in interpretling the magnlitude of the excess thrust avallable from
a fixed geometry engine operating with subcritical inlet flow, the excess
thrust for engines with varieble exhaust nozzles 1ls also presented. For
the supersonic-lip-inlet engine with the exhaust nozzle fixed at optimum
and at a total-temperature ratlo of 6, the excess thrust avalleble 1s
31 percent of the design crulse value. This excess thrust corresponds
to elther an axial ascceleration of sbout 0.05 g or a normsl accelera-
tion for maneuver without loss of speed of gbout 1.4 g (e turning radius
of 19 miles) for the typical supersonic airplane previously essumed
(initiel gross weight, 50,000 1b; altitude, 50,000 £t; (L/D)y, 7.186;
and body drag, 2300 1b). If the exhaust nozzle could be adjusted to an
areg ratio of 1, the excess thrust at a total-tempersture ratio of 6
would be gbout 62 percent of the cruise thrust or double that for the
engine with the fixed exhaust nozzle.

Independent of the gssumptions necessary to mske the caleculations
rresented in figure 9, several general cobservations may be made concern-
ing the effect of inlet characteristic on the excess thrust available
from a ram-Jet engine. Por ell the fixed exhaust-nozzle engines in
figure 9 except the perforated-inlet engine, the propulsive thrust
increased monotonically with increasing totel-temperature ratio even
though the additive drag was rising rapldly as the shock moved progres-
sively ahead of the cowl 1lip (fig. 3(b)). Although the rate of increase
in propulsive thrust for & fixed geometry engine is apprecisble, it is
congidersbly less than the rate of increase availeble if critical-inlet-
flow condltions (no increase in additive drag) are maintsined and s
varieble-ares exhaust nozzle is assumed. (The optimum exhaust-nozzle-
aresa ratio for the isentropic-inlet engine is nearly 1; hence only a
small increase in total-temperature ratio is possible before choking
in a straight plpe occurs.) For the perforated-inlet engine, it is
significant that there is a range of increasing total-temperature ratios

2248
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which does not result in an increase in propulsive thrust. This range

of total-temperature ratios corresponds to that region of subcritical
inlet flow where the rate of drag rise is exceptionally lerge. This
large rate of drag rise is assoclated with the increasing mass flow which
spills through the perforations coincldent with the movement of the

"no " shock in the reglon of the perforations upstream from the
diffuser throat towards the cowl 1lip (fig. 3(b)). With regard to
obtaining excess thrust by means which involve subcritical inlet opera-

-tion, the perforated inlet is the least desirable of the inlets investi-

gated. The other inlets show favorable characteristics.

The solid curves of figure 9 are replotted in figure 10 to present
the variation of propulsive thrust coefficlent end engine efficiency
parsmeter with combustion~chamber Mach number for ram-jet engines with .
the exhaust nozzle fixed at the optimum for criticel-inlet-flow corditions.
From figure 10, the assumption made at the on-design condition that the
inlets should be operated at critical-inlet-flow conditions to yield .
maximum engine efficiencies 1s justified because, for all the inlets,
meximim engine efficiencies are essentlally equal to the efficiencies at
critical-inlet-flow conditions. In addition, figure 10 is useful for
relating the excess thrust characteristics of the inlets to the basic
experimental inlet data of figure 3(b), which presents external drag,
Pressure recovery, and mass flow as a function of combustion-chamber
Mach number.

Excess thrust with engine at angle of attack. - In maneuvers requir-
ing excess thrust, such as a turn, the angle of attack of the engine to
the air stream differs from the design cruise value; therefore, the
excess thrust characteristics of the engines at varlous engine angles of
gttack are of interest. DPresented in figure 11 is the percentage increase
In thrust aveilsble gbove the crulse value at zero angle of attack for
a range of temperature ratlos and asngles of sttack. Approximate regions
of inlet shock osclllgtion are indicsted for the isentropic and perfor-
ated inlets; for the subsonic 1lip and supersonic lip inlets, shock
instebllity was very sllght or not gppsrent over the range of mass flows
corresponding to the total-temperature ratios of figure 11. The 1.4 g
normael acceleratlion estimated in the previous discussion corresponds
to an alrplane angle of attack increase of approximstely 2°. If the
engine were designed to operate at zero angle of attack at the cruise
condition, the 2% increase in angle of attack for maneuver would not
epprecisbly affect the excess thrust avallsble for any of the engines;
at a total-temperature ratio of 6, the reduction of excess thrust for an
angle of attack of 2° is sbout 12 percent of the excess thrust availsble
at 0° for all engines except the perforated-iniet engine.

If the engines were designed to operste at 3° sngle of attack (which
is indicated in fig. 8 to be desirasble for maximum range), an increase
in angle of attack of 2° hgs a greater effect on the excess thrust avail-
able from the engine; at & total-temperature ratio of 6 » the reduction
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in excess thrust for an angle of attack of 5° 1is gbout 20 percent of the
excess thrust avalleble at 3° for all engines except the perforated-inlet
engine.

At 10° angle of attack and a temperature ratic of 6, none of the
engines shows an excess of thrust over the crulse value for the engine
at zero angle of attack. For the supersonic-lip-inlet and subsonic-
lip-inlet engines, the increase in excess thrust with lnereasing tempere~
ture ratio from the value corresponding to critical conditions to 6
remains sbout the seme for each angle of attack. At 10° angle of attack
both the perforated-inlet and isentroplic-inlet engines show & range of
increasing temperature 'ratios that do not result in an increase in
thrust; this may result in part from inlet shock instability.

Speed stablility and boost. - The effect of inlet characteristics on
the engine performance may influence the ability of the airplane to
maeintein steady flight at the design Mach number. If the relation
between the alrplane dreg and engine propulsive thrust is such thaet the
forces of the system tend to return the sirplane to the design Mach
number whenever an externslly imposed speed change occurs, the airplane
is considered to be speed steble and inherently speed steble if the
restoring forces are created wlthout the sctuation of controls. Inherent
speed stebility is more desireble because of its greater simplicity.

The degree of speed stabllity may be represented by a quantity

1 ¢ [(CFn-CDe) --CDA]
(Cp,-Cppe) dMo

where the terms are evalusgted for level flight at the design Mach number
and a negative value indiceates speed stabllity.

To study the effect of inlet characteristics on the problem of
speed stability, rem-jet engines having the supersonic lip inlet and
perforated inlet and designed for pesk effliclency at g flight Mach number
of 1.79 (discussed previously) sre evaluasted with respect to two repre-
gentative sircraft drag curves and for three types of engine fuel-flow
control. The general problem studied hereln applies to an aircraft in
level flight at constent altitude, and with a fixed geometry englne
assumed elweys at zeroc angle of attack with respect to the air stream.
The drag curves considered (at the flight conditions previously specified
in the discussion of On-Design Evaluation with engines at angle of attack)
axre for alrcraft with two types of wing:

(l) An unswept wing with a 5-percent biconvex sgirfoil section

2248
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(2) A 80° swept wing and a 5-percent double-wedge airfoll section

The types of fuel flow programming considered are (assuming 100-percent
combustion of octane):

(I) Constant fuel-alr ratio selected for peek engine efficiency
at design cruise conditions

(IT) Constant fuel-flow rate selected for peek engine efficiency
at design cruise conditions

(III) Fuel flow programmed with flight Mach number defined by
linear varletion of fuel-alr ratio with Mach number gbout the design
point,

such that

£°Fn‘CDe)'CDA]Mo=1.74 ke 1.0
(1.79-1.74)

(an-CDe)MO=l.79

and limited by an upper limlt of stoichiometric fuel-air ratio

f/a of 0.087; (the corresponding total-temperature ratio was determined
from data of reference 6) and a lower limit of f£/a of 0.0l. The fuel-
alr ratio at the design Mach number provides pesk engine efficiency.

The discussion 1s limited to the underspeed condition where sub-
critical inlet operstion is requlred and the inlet characteristics
are essentiglly involved. (The overaspeed condition involves supercritical
inlet operation and the inlet performence is not significant; however,
the overspeed condition is inecluded in fig. 12. From f£ig. 12, the type
of control which ylelds underspeed speed stabllity will apperently yield
overspeed speed stability.) In figure lZ(a), two sirplane drag coef-
ficlent curves and the engine propulsive thrust coefficient curves of
the supersonic 1lip inlet for the three types of fuel control considered
ere presented. The simple types of fuel control, I and IT, yileld speed
instability or a small degree of speed stebillty sbout the design point A
depending on the alrplane drasg charscteristics. With fuel control III
illustrated with the unswept wing sirplane, any desired degree of speed
stabllity is attalneble. The subsonic 1ip inlet and isentropic inlet
have similar characteristics.
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The propulsive thrust characteristics of the perforated inlet for
the three types of fuel control considered are compared with the same
drag curves and presented in figure 12(b). Both simple types of fuel
control, I and II, demonstrate speed instability about design point A
and merkedly so for Mach number increments of the order of 0.1. (Inlet
characteristics were experimentally determined at only three Mach num-
bers; however, from these data and the geometrical characteristics of
the inlet, estimating the type of performerice to be expected at the
intervening Mach numbers 1s possible.) Figure 13 presents the engine
propuleive thrust coefficients as a function of total-temperature ratio
for three flight Mach numbers for the perforated 1lip inlet as contrasted
with the supersonic 1lip inlet. (The discontinuous decrease in thrust
with decreasing Mach number (point B) occurs at the Mach number where
choking occurs at the inlet throat. The precise Mach number at which
the discontinuity occurs will depend on the particular design.) Even
with the programmed fuel flow (type III), speed instebllity exlsts about
polnt A because of two perforated-inlet characteristics: (1) the thrust
of the engine does not increase with increasing fuel flow when the
"normal" shock is in the region of the pertorations and (2) the thrust
of the engine decreases with decreasing Mach number when the shogck is
in the region of the perforations (fig. 13). A speed stable point does
exlst at point C (fig. 12(b)); however, at this condition the engine
efficiency is greatly reduced from its value at the design Mach number
(point A) becsuse the "normal" shock is ashesd of the inlet and & corre-
sponding high drag exists.

Any engine can probebly be made to yield speed stabllity either
(1) with a programmed -fuel flow and opersting the inlet supercritically
at the design Mach number and critically at a lower Mach number or
(2) by simultaneously varying the exhsust-nozzle size and the Ffuel flow.
The first method necessitates a decreasse in efficiency over the maximum
possible at the design Mach number, whereas the second results in a
continuously hunting system and considersble mechanical complexity.

Speed stability of a ram-Jjet-propelled alrcraft utilizing a fixed
geometry englne wilth peak englne efficiency at design cruise conditions
could be attained for all the inlets except the perforated inlet by
means of & fuel flow programmed with:flight Mach number.

The lowest Mach number at which the thrust exceeds the drag
(fig. 12, point’D) is the minimum Mach number to which the aircraft
must be boosted before 1t caen accelerate itself to the design Mach
number. The calculations of figure 12 were made for the design altitude.
The perforated inlet must be boosted to a higher Msch number %than the
supersonlc 1ip inlet agsuming a flxed exhsust-nozzle englne.

8v2e
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CONCLUDING REMARKS

Force and pressure data obtained in the RACA Lewls 8- by 6-foot
supersonic tumnel gt flight Mach numbers of 1.59, 1.79, and 1.99 and
angles of attack from 0 to 10° for a series of axiglly symmetric nose
inlets were analyzed. The inlets, & subsonic 1lip inlet, an isentropic
inlet, & supersonic lip inlet, and a perforated inlet, were compared on
the basls of ram-jet-propelled aircraft range and operational character-
istics. Effects of a burner and a converging-diverging sonic throat
exhaust nozzle reexpanding to maximum body dismeter were analytically
added to the experimental cold flow lnlet data. Inlets considered herein
were specific designs and do not necessarily represent optima of their

types. .

l. The inlet which ylelded the highest calculated engline efficiency
was characterized by the next to the highest pressure recovery and the
lowest drag. The low drag of the inlet was assoclated with & minimum of
additive drag (minimum mass spillage) and a low cowl lip angle.

2. TFor the four inlets designed for meximum efficlency the maximum
alrcraft range based on pesk engine efflciencles calculated from experi-
mental results varled 25 percent from the highest value, which indicates
the importence of inlet design.

3. Celculations for a typical supersonic sircraft indlicated that -
some increase 1n range might be cbtained from englines utlilizing any of
the inlets except the perforated inlet if the engine were flown at a
moderate angle of attack and the resulting engine 1ift were utilized.

4. TFor ell inlets the propulsive thrust increased with increasing
heat addition in the subcritical flow region in spite of the increasing
additive dresg. For the perforated inlet there was & range of tempera-
ture ratios in the subcritical flow region where owing to mass splllage
through the perforations increasing the temperature ratio did not
yield an increase in propulsive thrust. For angles of attack of 3°
and 6°, the trends of excess thrust with incressing heat addition were
similsr to those at QO°.

S. Fixed geometry engines utilizing any of the inlets except the
perforated inlet could be made speed stable while maintaining pesk
efficiency at the cruise condition by means of & fuel flow progrsmmed
with flight Mach number. .

Lewls Flight Propulsion Lsboratory

National Advisory Committee for Aeronsutics
Clevelend, Ohilo,
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{a) Conical-spike all-external compression (b) Isentropic-spike sll-externsl compression
inlet with a subsonic cowl lip (subsonic inlet (isentropic inlet).
lip inlet).

(c) Conlcal-epike all-external compression (d) Conlcal-spike externel - internal
inlet with a supersonic cowl lip (super- compreseion utilizing a perfora.ted cowl
sonic lip inlet). (perforated inlet).

Figure 2. - Schematic dlagrams of four inlets previously investigated (references 1 to 4). (Abbreviated
nomenclature in parentheses is used throughout the present report.)
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Figure 10. - Veriation of engine efficiency, propulsive thrust coefficient, and total-
temperature ratio with combustion-chamber Mach number for four inlets. Exhaust~
nozzle-aree ratio fixed for peak eéfficiency at critical-inlet-flow conditions.
Engine angle of attack, 0%y flight Mach number, 1.79.
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